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Estimates of the Radiological Dose
from Ingestion of 1S7CS and gOSr to

Infants, Children, and Adults
in the Marshall Islands

Abstract

In this report, we examine whether the radiological dose equivalent due to the
intake of 137CS and 9%r at a contaminated atoll in the Marshall Islands would be
greater when intake begins as an adult than when intake begins as an infant or
child. We found that generally l~TCs contributes 97 to 9870 of the dose and 9%r
contributes only 2 to 370. We also found that the integral 30-, 50-, and 70-y effective
dose equivalent estimated for intake beginning as adults is greater than that for
intake beginning at any other age. There are two factors that cause the adult
estimated dose to be greater than the dose to infants and children. The major factor
is the consistently higher intake of local foods, and consequently higher intake of
137CS, for adults. The second is a combination of changing body weights, fractional
de osits, and biological half-life for 137CS with age, and the reduced concentration of

Y13 Cs in food with time. Consequently, the estimated effective integral dose
equivalents for adults due to ingestion of 137CS and 90Sr can be used as a
conservative estimate for intake beginning in infancy and childhood.

Introduction

The purpose of this report is to determine

whether the radiological dose equivalent duc to

the intake of 137CS and 90Sr at a contaminated

atoll in the Marshall Islands would be greater

when intake begins as an adult than when

intake begins as an infant or child.

In previous publications, we have estimated

the radiological doses to adults at several atolls

in the northern MarshaH Islands resulting from

external gamma exposure and internal ingestion

of ‘37CS , 90Sr , 239+240Pu, and 24]Am (Robison

et al., 1982a, 1982b, 1987; Robison, 1983). Wc

have mentioned in all of these reports that the

radiological dose from the ingestion of 137CS

and ‘“Sr beginning in infancy or early childhood

would lead to 30 and SO-y integral doses that

are about the same or less than similar doses

estimated for intake beginning as an adult.

These statements were based on dietary data for

the daily intake of 137c~ and g~sr at the

Marshall Islands, differences in physiological

parameters (such as biological half-life and

deposition patterns for 137cs and 9~Sr), body

mass as a function of age, and dosimetry; we

published a preliminary evaluation of the

relative estimated radiological doses for



infants, children, and adults in 1974 (Robison

et al., 1975).

In this report, we discuss in more detail the

methods for estimating the relative

radiological dose to infants, children, and

adults as a result of ingestion of 137CS and 90Sr.

Vt’e have included recent data on physiological

parameters, dosimetry models, and diet.

The total dose equivalent (D) from ingestion

of a radionuclide to a person (or an organ in a

person) is the product of several factors:

1. The diet—the g/d intake of various

foods.

2. The radionuclide concentrations in the

various foods.

3. The deposition and retention of the

radionuclides in the body.

4. The dosimetry of the ingested

rac?ionuclides.

The combination of the dietary intake and

the concentration of the radionuclides in food

items determines the intake of radionuclides.

Consequently, the radio nuclide intake is
T& ,;D= ZiCjxllxflxw directly proportional to the g/d consumption of

fl =

ii.

U.0Y3

the radicmuclide concentration in

food i, pCi/g,

the intake of food i, g/d,

the effective half-life of the

radionuclide, d,
the fractional deposition of the

radio nuclide in the body or

selected organ, unitless,

the dose equivalent rate

conversion constant for a unit

activity in the body, rem/pCi.

The effective half-life, T1~2, is the combina-

tion of radioactive decay (T1~2) and biological

elimination after imzestion (T1~2). This combina -

tion is T~2 = (T~~2 +“TT )/T{~#, or in terms of

elimination constants, kE = I.R + IB,

Including T{2 and fl in an overall umbrella

of “deposition and retention,” there are four

separate categories for which data must be

available in order to estimate the dose to people

from ingestion:

local foods at a contaminated atoH. Thus, the

relative consumption of imported and local foods

is very important for estimating the daily

intake of 90Sr and 137CS .

These four basic categories wiIl be discussed

and the results combined to indicate the relative

dose equivalent for infants, children, and adults.

We will use radionuclide concentration data in

local foods at Rongelap Island at Rongelap

Atoll as a specific example for the calculation.

Moreover, the relative doses established by the

methodology for the different age groups would

be the same for any atoll; only the daily intake

of radio nuclides, and consequently the

magnitude of the dose, would vary among atolls

or islands within an atoll.

Because of the anticipated diverse audience

of scientists and laymen to whom this report

will be distributed, we have included a

significant literature review on the intake and

distribution, the retention, and the dosimetry of
137c5 and 90Sr to help lay the foundation for

the results.



Table 9. The integral 30-, SO-,and 70-y dose equivalents for bone marrow and bone surfaces for intake of
90Sr beginning at various ages.

Integral dose equivalent, rnrem

Bone marrow Bone surface Effective
Age intake begins 30y 50y 70y 30y 50y 70y 30y 50y 70y

Birth 41.4 62.0 75.() 122 182 223 8.6 12.9 15.7

4 months 41.7 62.5 75.6 123 184 224 8.7 13.0 15.8
9months 43.1 63.7 76.6 127 187 227 9.0 13.3 16.0
1.5y 43.8 64.3 77.1 129 189 229 9.1 13.4 16.1

4y 43.2 64.0 77.0 126 187 228 9.0 13.3 16.1

12 y 49.3 70.4 83.5 137 199 241 10.0 14.4 17.3

18y 48.5 69.8 82.9 116 175 217 9.3 13.6 16.5

Table 10. The integral 30-, 50-, and 70-y tiective dose equivalent for continuous intake of 137CS and

90Sr beginning at various ages.

Integral effective dose equivalent,

mrema Fraction due to 90Sr

Age intake begins 30 y 50 y 70 y 30 y 50 y 70 y

Birth 386 580 702 0.02 0.02 0.02

4 months 398 592 714 0.02 0.02 0.02

9 months 367 56!43 683 0.03 0.02 0.02

1.5y 370 564 687 0.03 0.02 0.02
4y 391 585 708 0.02 0.02 0.02

12 y 469 663 786 0.02 0.02 0.02

18 y 513 705 829 0.02 0.02 0.02

a The effective dose equivalent is a unit defined by the ICRP (1984) which allows for the different
mortality risks associated with irradiation of different organs, together with a proportion of the
hereditary effects.

Discussion

The result of our analysis is that the

integral 30-, 50-, and 70-y effective dose

equivalent estimated for intake beginning as

adults at a contaminated atoll is greater than

that for intake beginning at any other age,

Consequently, the estimated integral dose

equivalent for adults is a conservative estimate

for infants and children. There are two basic

reasons for this result. The first, and major,

reason is the consistently higher intake of local

foods, and thus 137CS , for adults found in the

diet surveys from the Marshall Islands. Also,

the higher intake of food in general by adults is

supported by diet surveys of other societies; the

intake for adults is greater than for infants and

children.

The second reason is that even for continuous
137CS intake that declines at a rate equal to the

21
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radiological half-life of 137CS and where the

initial intake is the same regardless of age, the

integral 30-, 50-, and 70-y dose equivalents are

slightly greater when intake begins as an adult

than for intake beginning at any other age. This

results from the combination of changing body

weights, fractional deposits, and biological

half-life for 137CS with age and the reduced

concentration of 137CS in food with time. For

example, when intake begins as an infant, the

137CS concentration in food has declined by

about 35’% by the time the infant reaches 18 y of

age, when the dietary intake is greater and the

biological ha](-]i(e of 137Cs longer.

Consequently, if the intake of ‘37CS for an infant

or child were equal to that for the adult (which

it is not based on available dietary information

from the Marshall Islands), the estimated

integral 30-, 50-, and 70-y dose equivalent would

still be similar to that estimated for adults.

In the case of 90Sr, the dose commitment per

@ intake is greater by about a factor of 5 for

intake beginning at ages O to 5 y than for intake

beginning as an adult. However, when age-

dependent differences in intake of 90Sr via the

diet are accounted for, the estimated integral

30-, 50-, and 70-y dose equivalents are less when

intake begins as an infant or child than when

intake begins as an adult.

Even if the 90Sr intake for infants and

children were significantly higher than what

we have estimated, the total integral 30-, 50-,

and 70-y effective dose equivalent from both
137cs and 90sr would be greater for adults than

for infants and children because 137CS accounts

for about 97% of the total estimated effective

dose equivalent at the atolls via the ingestion

pathway and 90Sr for less than 3%.

Doses from 137CS and 90Sr are insignificant

through the inhalation pathway as compared

to that via ingestion (Robison et al., 1987; ICRP,

1979; Cristy et al., 1984; Kendall, 1986).

Consequently, the relative magnitude of the

integral dose equivalent among infants,

children, and adults can be determined by

evaluating the ingestion pathway; that

analysis indicates that the estimated effective

integral dose equivalents for adults due to

ingestion of 137CS and 90Sr is a conservative

estimate for intake beginning in infancy and

childhood.

References

Aarkrog, A. (1963), “Caesium-37 from Fall-out in Human Milk,” Nature 197, 667-668.

Abraham, S., M.D. Carroll, C.L. Johnson, and C.M. Villa Dresser (1979), Caloric and Se(ecfed Nufrienf

Values for Persons 1-74 years of Age: First Health and Nutrition Examination Survey, United

Shies 1971-1974, U.S. Department of Health, Education and Welfare, DHEW Publication No.

(DHS) 79-1657, Series 11, No. 209.

Adams, N. (1981), “Dependence on Age at Intake of Committed Dose Equivalents from Radionuclides,”

Phys. Med. Biol. 26, 1019-1034.

Bengtsson, L. G., Y. Naversten, and K.G. Svensson (1964), “Maternal and Infantile Metabolism of

Caesium,” Assessment of Radioactivity in Man, Vol. 11, International Atomic Energy Agency,

Vienna, Austria, pp. 21-32.

22



Bennett, B.C. (1973), Strontium-90 in Human Bone, 1972 Results from New York City and San Francisco,

United States Atomic Energy Commission Health and Safety Laboratory, New York, NY, HASL-

274.

Bennett, B.C. (1977), Strontium-90 in Human Bone, 1976 Results from New York City and San Francisco,

United States Atomic Energy Commission Heal th and Safety Laboratory, New York, NY, HASL-

328.

Bennett, B.C. (1978), Strontium-90 in Human Bone, 1977 Results from New York City and San Francisco,

United States Atomic Energy Commission Health and Safety Laboratory, New York, NY, HASL-

344.

Bikini Atoll Rehabilitation Committee (BARC) (1986), Bikini Atoll Rehabilitation Committee

Reporf No. 4, BARC, Berkeley, CA.

Boni, A.L. (1969), “Variations in the Retention and Excretion of 137CS with Age and Sex,” Nature 222,

1188-1189.

Bryant, F.J., and J.F. Loutit (196A), “The Entry of Strontium-90 into Human Bone,” Proc. Roy. Sot. 159B,

449-465.

Buchanan, J.R.C. (1947), A Guide to Pacific Mand Dietaries, South Pacific Board of Health, Sava, Fiji.

Burton, B. (1965), The Heinz Handbook of Nutrifion, 2nd ed. (McGraw-HilI, New York, NY).

Burton, J. D., and E.R. Mercer (1962), “Discrimination Between Strontium and Calcium in Their Passage

from Diet to the Bone of Adult Man,” Nature 193, 846-847.

Clemente, G. F., A. Mariani, and G.P. Santaroni (1971), “Sex Differences in Cs Metabolism in Man,”

Health Phys. 21, 709-711.

Comar, C.L. (1967), “Some Principles of Strontium Metabolism: Implications, Applications,

Limitations,” Strontium Metabolism, J.M.A. Lenihan, J.F. Loutit, and J.H. Martin, Eds. (Academic

Press, New York, NY), pp. 17-3i.

Comar, CL., K. Kostial, N. Gruden, and G.E. Harrison (1965), “Metabolism of Strontium in the

Newborn,” Health Phys. 11, 609-615.

Comar, C. L., R.H. Wasserman, and M.M. Nold (1956), “Strontium-Calcium Discrimination Factors in

the Rat,” Proc. Sot. Exp. Biol. and Med. 92, 859-863.

Committee for Revision of the Canadian Dietary Standard (1976), Dietary Sfandard for Canada,

published by the Authority of the Minister of National Health and Welfare, Ottawa, Canada.

23



Cristy, M., and K.F. Eckerman (1987a), Specific Absorbed Fractions of Energy at Various Ages from

Internal Photon Sources, 1. Methods, Oak Ridge National Laboratory, Oak Ridge, TN,

0RNL/TM-8381/Vl.

Cristy, M., and K.F. Eckerman (1987b), Specific Absorbed Fractions of Energy at Various Ages from

Jnkrnal Photon Sources. 11, One-Year-Old, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL/TM-8381 /V2.

Cristy, M., and K.F. Eckerman (1987c), Specific Absorbed Fractions of Energy at Various Ages from

Internal Photon Sources. 111. Five-Year-Old, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL/TM-8381 /V3.

Cristy, M., and K.F. Eckerman (1987d), Specific Absorbed Fractions of Energy at Various Ages from

Internal Photon Sources. IV. Ten-Year-Old, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL/TM-8381 /V4.

Cristy, M., and K.F. Eckerman (1987e), Specific Absorbed Fractions of Energy at Various Ages from

Internal Photon Sources. V. Fifteen-Year-Old Male and Adult Female, Oak Ridge National

Laboratory, Oak Ridge, TN, ORNL/TM-8381 /V5.

Cristy, M., and K.F. Eckerman (1987f), Specific Absorbed Fractions of Energy at Various Ages from

Internal Photon Sources. VI. Newborn, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL/TM-8381/V6.

Cristy, M., and K.F. Eckerman (1987g), Specific Absorbed Fractions oj Energy at Various Ages from

internal Photon Sources. VII. Adult Male, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL/TM-8381 /V7.

Cristy, M., R.W. Leggett, D.E. Dunning, Jr., and K.F. Eckerman (1984), Age-Dependen~ Dose-Conversion

Factors for Selected Bone-Seeking Radio nuclides, Oak Ridge National Laboratory, Oak Ridge,

TN, ORNL/TM-8929.

Cryer, M. A., and K.F. Baverstock (1972), “Biological Half-Life of 137CS in Man,” Health P)Iys 23, 394-

395.

DeBrum, R. (1985), Marshall Islands Liaison Representative to U.S. Department of Energy, and

O. DeBrum, Chief Secretary of the Marshall Islands, personal communication, March 1985.

Domnick, C., and M. Seelye (1967), “Subsistence Patterns Among Selected Marshallese Villagers,”

Luura F&port, L. Mason, Ed., University of Hawaii, Honolulu, HI, pp. 1-41.

Eberhardt, L.L. (1967), “Relationship of Cesium-137 Half-Life in Humans to Body Weight,” Health

Phys. 13, 88-90.

24



Fisher, H. L., and W-s. Snyder (] 967), “An Age-Dependent Model for the Bodily Retention of (kium,”

Health Physics Di~si~n Annuul &porf, Oak Ridge National Laboratory, Oak Ridge, TN,

ORNL-4168, 261-267.

Flaherty, M. (19 M), peace Corps Vo]unteer at Ailinglapalap Atoll, Marshall Islands, personal

communication to Dr. Henry Kohn, referee of the Rongelap Reaswssment Project.

FOOd and Agricultural organization of the I_Jnited Nations (1957), Calorie Requirements, FAO

Nutritional Studim No. 15, Rome, Italy.

Fujita, M., A. Yabe, J. Akalshi, and S. Ohtani (1966), “Relationship Between Ingestion, Excretion and

Accumulation of Fa]lout cesium-137 in Man on a brig-Term Scale,” Health Ph~s. 12, 1649-1653.

Godfrey, B. E., and J, Vennart (1968), “Measurements of Caesium-137 in Human Beings in 1958 -67,”

Nature 218, 741-746.

Hinshaw, J. (1988), peace Corps volunteer at Ai]ing]apa]ap Atoll, personal communication to

Dr. Henry Kohn, referee of the Rongelap Reassessment Project.

Hisamatsu, S., Y. Takizawa, and T. Abe (]987), “Fal]out 3H Ingestion in Akita, Japan,” Health Phys.

53,287-293.

Iinuma, T. A., S, Yashiro, T. Ishihara, M. (JChiyama, T. Nagai, and N. Yamagata (1969), “Estimation

of Internal Dose in Human Fetus and Newborn Infants Due to Fallout Cesium-137,” proceer.fings Of

the Ninth Annual Hanford Biology Symposium, Radiation Biology of the Fetal and Juvenile

Mammal, M.R. Sikov and D.D. Mah]um, Eds. U.S. Atomic Energy Commission, pp. 105-116.

International Commission on Radiological protection (IcRp) (1972), Alkaline Earth Metabolism in

Adult Man, Publication 20 (Pergamon Press, Oxford, England).

International Commission on Radiological Protection (ICRP) (1975), Rqort of the Task Group on

Reference Man, Publication 23 (Pcrgamon Press, New York, NY).

International Commission on Radio] oglca] protection (]cRp) (] 979), Limits @ Intakes cf ~dionuclide

by Workers, Publication 30, part I and Supp. (Pergamon Press, New York, NY).

International Commission on Radiological protection (lcRp) (1984), A compilation of fhe Major

Concepts and Quantiti~ in use by JCRP, Publication 42 (Pergamon Press, New York, NY).

Karcher, G. J., J.K. Wheeler, G.L. Helgeson, and B. Kohn (1969), “Cesium-137 Body Burdens and
Biological Half-Life in Children at Tampa, Florida and Lake Bluff, Illinois,” Healfh Phys. 26,

301-313.

Kawamura, H., G. Tanaka, and K. Shjrajshl (1986), “Distribution of Sr in the Fetal skeleton,” Health

Phys. 50, 159-162.

25

—



Kendall, G. M., B.W. Kennedy, N. Adams, and T.P. Fell (1986), “Effective Dose per Unit Intake of

Radionuclides by Adults and Young People,” Radiat. Prot. Dosirn. 16, 307-312.

Klusek, C.S. (1979), Strontiunr-90 in Human Bone—1987 Results for New York City and San Francisco,

U.S. Department of Energy, Environmental Measurements Laboratory, New York, NY, EML 363.

Kulp, ). L., and A.R. Schulert (1962), “Strontium-90 in Man V;’ Science 136, 619-632.

Leggett, R.W. (1987), Age-Specific Models for Evaluating Dose and Risks from Jnternal Exposures to

Radionuclides, Oak Ridge National Laboratory, Oak Ridge, TN, ORNL/TM-10080.

Leggett, R.W. (1986), “Predicting the Retention of Cs in Individuals,” Health Phys. 50, 747-759.

Leggett, R.W., K.F. Eckerman, D.E. Dunning, Jr., M. Cristy, D.J. Crawford-Brown, and L.R. Williams

(1984), On Estimating Dose Rates to Organs as a Function of Age Following Internal Eqosure to

Radionuclides, Oak Ridge National Laboratory, Oak Ridge, TN, ORNL/TM-8265.

Leggett, R. W., K.F. Eckerman, and L.R. Williams (1982), “Strontium-90 in Bone: A Case Study in Age-

Dependent Dosimetric Modeling,” Health Phys. 43, 307-322.

Lenihan, J.M.A. (1967), “Studies in Strontium Metabolism,” S!nmtiurn Metabolism, J.M.A. Lenihan, J.F.

Loutit, and J.H. Martin, Eds. (Academic Press, New York, NY), pp. 57-61.

Lessard, E.T., N. Greenhouse, and R. Miltenbcrger (1979), Brookhaven National Laboratory, Upton,

NY, private communication.

Lessard, E. T., N,A. Greenhouse, and R.P. Miltenberger (1980a), A Reconstruction of Chronic Dose

Equivalents for Rongelap and Utirik Residents-1 954 to 1980, Brookhaven National Laboratory,

Upton, NY, BNL-51257.

Lessard, E. T., R.P. Miltcmberger, and N.A. Greenhouse (1980b), “Dietary Radioactivity Intake from

Bioassay Data: A Model Applied to 137CS Intake by Bikini Residents,” Health Phys. 39, 177-183.

Lloyd, R.D. (1973), “Cesium-137 Half-times in Humans,” Health Phys. 25, 605-612.

Lloyd, R. D., C.W. Mays, B.W. Church, R.C. Pendleton, and S.F Mays (1970), “Does the Elimination

Rate of Cesium in Humans Change with the Seasons,” Health Phys. 18, 623-629.

Lloyd, R. D., W.S. Zundel, C.W. Mays, W.W. Wagner, R.C. Pendleton, and R.L. Aarnodt (1966),

“Cesium-137 Half-times in Normal, in Dystrophic, and in Pregnant Humans,” in Research in

Radiobiology, University of Utah, Salt Lake City, Utah, COO-1 19-234, pp. 297-317.

Lough, S. A., G.H. Hamada, and C.L. Comar (1960), “Secretion of Dietary Strontium-90 and Calcium in

Human Milk,” Proc. Sot. Exp. Biol. Med. 104, 194-198.

26



Lough, S.A., J. Rivera, and CL. Comar (1963), “Retention of Strontium, Calcium, and Phosphorous in

Human Infants; Proc. Sot. Exp. BioJ. Med. 112, 631-636.

Marsh, K,V. (1973), Expected Living Patterns Affer Resettlement, Enewetak Radiological Survey

Report, USAEC, Las Vegas, NV, NVO-140, Vol. I, pp. 29-37, and an internal report entitled “The

Living and Eating Habits of the Ujelang People.”

McCraw, T.F. (1965), “The Half-Time of Cesium-137 in Man,” Radiol. l-l~lth Daia 6, 711-718.

Miltenberger, R. P., N.A. Greenhouse, and E.T. Lessard (1980), “Whole Body Counting Results from 1974

to 1979 for Bikini Island Residents,” HazJth Phys. 39, 395-407.

Murai, M. (1954), Nutrition Study in Micronesia, Atoll Research Bulletin, 27.

Murai, M., F. Pen, and C. Miller (1958), Some Tropical South Pacific lsJund Food: Description, History,

Use, Composition and Nutrifive Value, University of Hawaii Press, Honolulu, Hawaii.

Nagai, T., T.A, Iinuma, M. Uchiyama, T. Ishimara, S. Yashiro, and J. Sternberg (1970), “Radio

Contamination of the Environment and Its Effects on the Mother and Fetus-III, Part II-Retention of

Cesium 137 by Pregnant Women, Placentae and Infants; lnt. ). App. Rad. Isotopes 21, 363-374.

Naidu, J., N.A. Greenhouse, G. Knight, and E.C. Craighead (1981), Marshall lsJands: A Study of Diet

and Living Patterns, Brookhaven National Laboratory, Upton, NY, BNL-51313.

National Academy of Science (1980), Recommended Dietary Allowances, 9th revised cd., NAS, Food

and Nutrition Board, Washington, DC.

National Council on Radiation Protection and Measurements (NCRP) (1977), Cesium-137 from Ihe

Environment to Man: MetuboJism and Dose, National Council on Radiation Protection and

Measurements, Washington, DC, NCRP-52.

Naversten, Y., and K. Linden (1964), “Half-Life Studies of Radiocaesium in Humans,” Assessment oj

Radioactivity in Man, Vol. 11, International Atomic Energy Agency, Vienna, Austria, pp. 79-87.

Noshkin, V. E., R.J. Eagle, K.M. Wong, T.A. Jokela, and W.L. Robison (1981), RadionucJide

Concentrations and Dose Assessment of Cistern Water and Groundwaler at the Marshall lsJmzds,

Lawrence Livermore National I.ziboratory, Livermore, CA, UCRL-52853, Pt. 2.

Papworth, D. G., and J. Vennart (1973), “Retention of 90Sr in Human Bone at Different Ages and the

Resulting Radiation Doses,” Phys. Med. BioL 18, 168.

Papworth, D. G., and J. Vennart (1984), “The Uptake and Turnover of 90Sr in the Human Skeleton,”

Phys. Med. BioJ, 29, 1045-1061.

Bennington, J.A.T. (1976), Dietary Nutrient Guide (Avi Publishing Co., Westport, CO).

27



Pollock, N.J. (1974), “Breadfruit or Rice, Dietary Choice on a Micronesia Atoll,” Ecol. and Food Nutr

3, 107-115.

Richmond, C. R., J.E. Furchner, and W.H. Langham (1962),“Long-Term Retentionof Radiocesium by

Man,”’ Health Phys. 8, 201-205.

Rivera, J. (1967), “Predicting Strontium-90 Concentrations in Human Bones,” Strontium Metabolism,

J.M.A. Lenihan, J.F. Loutit, and J.H. Martin, Eds., (Academic Press, New York, NY) pp. 47-55.

Robison, W.L. (1983), “Radiological Dose Assessments of Atolls in the Northern Marshall Islands,”

Proceedings Nineteenth Annual Meeting of the National Council on Radiation Protection and

Measurements: Environmental Radioactivity, No. 5, National Council on Radiation Protection

and Measurements, Bethesda, MD, pp. 40-82.

Robison, W. L., C.L. Conrado, and W.A. Phillips (1987), Enjebi Island Dose Assessmen~, Lawrence

Livermore National Laboratory, Livermore, CA, UCRL-53805.

Robison, W., M. Mount, W. Phillips, C. Conrado, M. Stuart, and C. Stoker (1982a), The Northern

A4arshal[ islands Radiological Survey: Terrestrial Food Chain and Total Doses, Lawrence

Livermore National Laboratory, Livermore, CA, UCRL-52853, Pt. 4.

Robison, W. L., M.E. Mount, W.A. Phillips, M.L. Stuart, S.E. Thompson, and A.C. Stoker (1982 b), An

Updated Radiological Dose Assessment of Bikini and Eneu ls[ands at Bikini Atoll, Lawrence

Livermore National Laboratory, Livermore, CA, UCRL-53225.

Robison, W. L., V.E. Noshkin, W.A. Phillips, and R.J. Eagle (1981), The Northern Marshall Islands

Radiological Surveys: Radionuclide Concentrations in Fish and Clams and Estimated Doses Via

the Marine Pathway, Lawrence Livermorc National Laboratory, Livermore, CA, UCRL-52853,

Part 3.

Robison, W. L., W.A. Phillips, M.E. Mount, B.R. Clegg, and C.L. Conrado (1980), Reassessment of the

Potential Radiological Doses for Residents Resettling Enewetak Atoll, Lawrence Livermorc

National Laboratory, Livermore, CA, UCRL-53066.

Robison, W. L., W.A. Phillips, Y.C. ,Ng, D.E. Jones, and O.A. Lowe (1975), Annual Bone and Whole-

Body Doses, Enz’ironmenta! Impact Statement, Cleanup, Rehabilitation, Resettlement of

Enewetak Atoll-Marshal/ Jslands, Vol. ]1, TAB B, AEC Task Group on Recommendations for

Cleanup and Rehabilitation of Enewetak Atoll June 19, 1974, Defense Nuclear Agency,
Washington, DC.

Rundo, J. (1970), “Fall-out Caesium-137 in Breast- and Bottle-fed Infants,” Health Phys. 18, 437-438.

Ruj?p, E.M. (1980), “Age Dependent Values of Dietary Intake for Assessing Human Exposures to

Environmental Pollutants,” Health Phys. 39, 151-163.

28



Spiers, F.W. (1968), Radioisotopes in the Human Body: Physical and Biological Aspects (Academic

Press, New York, NY).

Tanaka, G., H. Kawamura, and E. Nomura (1981), “Reference Japanese Man - II Distribution of

Strontium in the Skeleton and in the Mass of Mineralized Bone,” Health Phys. 40,601-614.

Uchiyama, M., T. Iinuma, and M. Saiki (1969), “Relationship Between Body Burden and Urinary

Excretion of Cesium-137 in Man Following Fallout Cesium-137 Ingestion,” Health Phys. 16, 277-

286.

Van Dills, M.A. (1965), “On the Retention of Cesium-137 in People,” Health Phys. 11, 21-22.

Watt, B., and A, Merrill (1963), Agricultural Handbook No. 8, Composition of Foods-Raw, Processed,

Prepared, U.S. Department of Agriculture, Washington, DC.

Weng, D. S., and W.M. Beckner (1973), “Cesium-137 Turnover Rates in Human Subjects

Ages,” Health Phys. 25, 603-605.

Wilson, A.G. (1985), Assistant Attorney General to the Trust Terntory of the Pacific Island,

the Enewetak Food Program, personal communication.

of Different

in charge of

Wilson, A. R., and F.W. Spiers (1967), “Fallout Caesium-137 and Potassium in Newborn Infants,”

Nafure 215, 470-474.

Yang, Y., and C.B. Nelson (1986), “An Estimation of Daily Food Usage Factors for Assessing

Radionuclide Intakes in the U.S. Population,” Health Phys, 50, 245-257.

Zundel, W. S., F.H. Tyler, C.W. Mays, R.D. Lloyd, W.W. Wagner, and R.C. Pendlcton (1969), “Short

Half-Times ofCaesium-137 in Pregnant Women,” Nature 221, 89-90.

‘1

29


